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ABSTRACT  
The aims of this study were to describe body composition and physical fitness changes during a whole-
season in elite children tennis players. A total of 7 elite children tennis players participated in the study. 
Whole body composition by dual energy X-ray absorptiometry (DXA) and physical fitness were assessed 
during a season. Subjects increased lean and bone percentage, and decreased abdominal fat and total body 
fat percentage (all p<0.05). From month1 to month5 subjects improved in handgrip right test, standing 
broad jump and 20m shuttle run test (all p<0.05). From month5 to month10 there were not significant 
differences in physical fitness, although some showed a decline (back-saver sit and reach and shuttle run 
20 m test). During the whole season, subjects decreased sit and reach in the left leg, but increased 
handgrip dominant test and standing broad jump (all p<0.05). During a season, children tennis players 
increased lean and bone percentage, and decreased abdominal and total fat percentage (all p<0.05). 
However, waist circumference and waist to height ratio were not useful to detect body composition 
changes. In addition, there were asymmetric changes in fitness (maximal isometric strength increased in 
the dominant hand and flexibility decreased in the contra lateral leg). 
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INTRODUCTION 
 
Tennis is popular global sport with 205 nations affiliated to the International Tennis Federation 
(ITF), and almost 25 million active players in the USA alone (Turner & Pluim, 2007). This 
interest is equally considered by the scientific community. Unlike many other sports, which may 
require high levels of physical fitness in a few components, tennis players require high 
performances in most components (speed, agility, strength, power, aerobic endurance ...) 
(Kovacs, 2007). As a result, an inadequate planning and/or training will result in lower 
performances and maybe, an increased risk of injuries. Therefore, it is necessary to obtain a 
minimum of information of our tennis players (For instance: anthropometric, physiological, 
fitness data) in order to monitor changes induced by training, identify talent and maintain 
motivation (Kovacs, 2007). There are some studies conducted in elite senior tennis players. They 
have analyzed skeletal muscle structure (Mavidis, Vamvakoudis, Metaxas, Stefanidis, 
Koutlianos, Christoulas, et al., 2007) and function (Ellenbecker & Roetert, 2004; Mont, Cohen, 
Campbell, Gravare, & Mathur, 1994; Renkawitz, Boluki, & Grifka, 2006), cardiac structure and 
function (Mansencal, Marcadet, Martin, Montalvan, & Dubourg, 2007; Osborn, Taylor, Oken, 
Luzano, Heckman, & Fletcher, 2007), aerobic fitness (Girard, Chevalier, Leveque, Micallef, & 
Millet, 2006; Smekal, Baron, Pokan, Dirninger, & Bachl, 1995) and physiological response to 
competition (Ferrauti, Pluim, Busch, & Weber, 2003). However, when we focus on children 
tennis players, the number of studies are quite reduced. The majority of studies in tennis sport 
have assessed body composition based on anthropometry (Kovacs, Pritchett, Wickwire, Green, 
& Bishop, 2007; Kraemer, Ratamess, Fry, Triplett-McBride, Koziris, Bauer, et al., 2000; 
Sanchez-Munoz, Sanz, & Zabala, 2007). Although anthropometry is an easy and useful 
technique to study body composition, dual energy X-ray absorptiometry (DXA) is a more 
sophisticated method. A small number of researches have used DXA, but they were cross-
sectional and were focused on bone (Bass, Saxon, Daly, Turner, Robling, Seeman, et al., 2002; 
Calbet, Moysi, Dorado, & Rodriguez, 1998; Haapasalo, Kontulainen, Sievanen, Kannus, 
Jarvinen, & Vuori, 2000; Kannus, Haapasalo, Sankelo, Sievanen, Pasanen, Heinonen, et al., 
1995; Kontulainen, Kannus, Haapasalo, Heinonen, Sievanen, Oja, et al., 1999; McClanahan, 
Harmon-Clayton, Ward, Klesges, Vukadinovich, & Cantler, 2002; Sanchis-Moysi, Dorado, 
Vicente-Rodriguez, Milutinovic, Garces, and Calbet, 2004). A more limited number of them, 
have used a longitudinal design (Ducher, Tournaire, Meddahi-Pelle, Benhamou, & Courteix, 
2006; Kontulainen, Kannus, Haapasalo, Sievanen, Pasanen, Heinonen, et al., 2001). However, 
Ducher et al. (Ducher, Tournaire, Meddahi-Pelle, Benhamou, & Courteix, 2006), studied only 
one densitometric region (radius) and Kontulainen et al. (Kontulainen, Kannus, Haapasalo, 
Sievanen, Pasanen, Heinonen, et al., 2001) selected adults at baseline.  
 
The aims of this paper were, therefore, to study the whole body composition and fitness status in 
elite children tennis players during a whole season.  
 
MATERIAL AND METHOD 
 
We conducted a longitudinal study in order to study body composition and physical fitness 
changes in elite children tennis players. It allows to characterize tennis players since early stages 
of competition using more sophisticated methods of body composition and, and provide 
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information of health related physical fitness tests in this sport. In Figure 1 is summarized the 
design of our study.  
 
 
 
 
Figure 1. Design of the study. 
 
 
Subjects 
A total sample of 7 children (3 boys and 4 girls, age = 10.83 ± 0.39) from the high-performance 
centre of Aragon Tennis Federation (Spain), voluntarily participated in the study. They were 
included in this centre, according to their tennis level. All subjects were classified within the top 
100 in the national tennis ranking for their age-group, being one of them, the actual national 
champion. Parents and children were informed about the aims and procedures of the 
investigation protocol, as well as the possible risks and benefits before they gave their written 
consent. The study was carried out according to the Helsinki Declaration and approved by a 
Local Ethical Committee. The subjects usually trained four days during weekdays and at least, 
completed one match per weekend. The typical daily training was divided into 2 parts, one hour 
of fitness training and one hour and half of technical training. Therefore, the total volume of 
training was 12 hours per week, including match-time (2 hours per week).They started to play 
tennis at mean age of five years-old.  
 
Procedures 
Body composition measurements 
Whole body lean, bone and fat masses were assessed by dual-energy X-ray absorptiometry, 
DXA (Explorer, Hologic Corp.). The intra-rater reliability of DXA for percentage of body fat in 
adolescents in our laboratory is 0.98 (unpublished observations). In addition, a subregion area 
was analyzed to assess abdominal fat content. This region was placed between the upper border 
of the iliac crest and the lower border of the rib (CV<4% in our laboratory). 
 
Two repetitions of height and weight were obtained and the average was recorded. Height was 
obtained using a stadiometer to the nearest 0.1 cm (SECA, model 225). Body weight was 
measured to the nearest 0.1 kg, using a balance scale (SECA, model 861). Waist (W), at the end 
of gentle expiration, midway between the lower rib margin and the iliac crest, was measured to 
the nearest 0.1 cm using an anthropometric tape (Holtain Ltd.). The index waist to height ratio 
was calculated as indicator of central obesity. The pubertal status of each subject was determined 
by self report according to the five Tanner stages (Morris & Udry, 1980). 
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Fitness assessments 
Physical fitness test were selected based on validated batteries commonly used in youth in 
different cross-sectional and longitudinal studies. These tests have been detailed described 
elsewhere (Ruiz, Ortega, Gutierrez, Meusel, Sjostrom, & Castillo, 2006). We assessed several 
fitness components:  
 
 Cardiorespiratory fitness (using the 20-m shuttle run test (Leger, Lambert, Goulet, 
Rowan, & Dinelle, 1984)). In this test, the initial speed is 8.5 km/h, which is increased by 
0.5 km/h per min (1 min equal to one stage). Subjects run in a straight line, to pivot upon 
completing a shuttle, and to pace themselves in accordance to audio signals given. The 
test is finished when the subject stop or fail to reach the end lines concurrent with the 
audio signals on two consecutive occasions. The equations of Leger et al. (1984), were 
used to estimate the maximum oxygen intake (VO2max). 
 
 Flexibility (using the back-saver sit and reach). This test is part of the FITNESSGRAM 
battery (Welk & Meredith, 2008), and is a modification of the traditional sit and reach 
test, in order to prevent lower back injuries. The subjects tried to reach forward as far as 
possible from a seated position with one leg bent at the knee allowing the legs to be 
evaluated separately. Two alternative repetitions were carried out in each leg (sit and 
reach_left for the left leg and sit and reach_right for the right leg) and the best attempt per 
leg was chosen.  
 
 Muscular fitness (using standing broad jump and handgrip strength). In standing broad 
jump test the subject had to push off vigorously and jump as far as possible trying to land 
with both feet together. The score is the distance from take-off line to the point where the 
back of the heel nearest to the land. In handgrip strength test, subjects were placed in a 
bipedal position with the arm in complete extension without touching any part of the 
body with the dynamometer (Takey, TKK 5101) except the hand being measured. 
Because the hand size has been proposed as a determinant of the result, we selected the 
affordable grip span in accordance with the size hand, based in previous studies in youth 
(Ruiz, Espana-Romero, Ortega, Sjostrom, Castillo, & Gutierrez, 2006). In both tests, two 
non-consecutive repetitions were carried out with each hand and the best attempt was 
chosen. Six subjects were right handed dominant. 
 
 Agility (using shuttle run 4 x 10 m). This test is a modification of the shuttle run (10 x 5-
m) test included in the EUROFIT battery (1993). The subjects had to run back and forth 
four times along a 10 m track at the highest speed possible. At the end of each track 
section, the subjects had to deposit or pick up a sponge from a line on the floor. 
Therefore, this allows measurement not only speed of displacement but also agility and 
coordination. Two non-consecutive repetitions were carried out and the best attempt was 
chosen. 
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Statistical Analyses 
Descriptive statistics were run on all the variables to check for the assumptions of normality. 
Group changes were analyzed using student´s paired t-test. A P value of 0.05 or less was taken 
as statistically significant differences. Analysis were performed using SPSS version 16.0 
(Chicago,IL, USA). 
 
RESULTS 
 
The mean (± SD) height of the subjects was 147.70 ± 0.1 cm, the average weight was 40.36 ± 
5.57 kg and the average percent body fat was 23.87 ± 7.14 %, at baseline (month1). Girls were 
taller (151.92 ± 0.11 cm vs. 142.07 ± 0.02 cm) and weightier (41.3 ± 8.68 kg versus 39.1 ± 7.38 
kg) than boys. The subjects increased significantly height, lean percentage and bone percentage 
and decreased significantly, abdominal fat percentage and fat percentage (Table 1). No 
significant changes were observed in waist circumference and waist to height ratio. Self-report of 
maturation status resulted in Tanner II in the whole group at baseline. 
 
 
Table 1. Body composition changes of the tennis players during the season. 
 
 
      
Month1 Month10 
 n=7 n=7 
 Mean SD Mean SD dif p 
Age (years) 10.83 0.39 11.58 0.39 0.75  
Weight (kg) 40.36 7.57 42.2 8.05 1.84 0.007 
Height (cm) 147.7 0.1 152.51 0.1 4.81 <0.001 
BMI (kg/m2) 18.48 2.97 18.11 2.8 -0.37 NS 
FAT (%) 23.87 7.14 21.27 6.85 -2.6 0.007 
LEAN (%) 72.63 6.52 75.04 6.24 2.41 0.009 
BONE (%) 3.5 0.65 3.7 0.6 0.2 0.009 
ABDOMINAL FAT (%) 17.89 7.46 14.59 5.51 -3.3 0.04 
WAIST (cm) 66.11 6.74 66.86 5.26 0.75 NS 
WAIST/HEIGHT 0.45 0.05 0.44 0.05 -0.01 NS 
Difference (dif), Significant differences (p<0.05) 
Whole body weight (Weight, kg) 
Body mass index (BMI, kg/m2) 
Whole body fat percentage (FAT %) 
Whole body lean percentage (LEAN, %) 
Abdominal fat percentage (ABDOMINAL FAT, %) 
Whole body bone percentage (BONE, %) 
Waist circumference (WAIST, cm) 
Waist to height ratio (WAIST/HEIGHT)
 
 
 
 
 
Berdejo et al.  / J. Hum. Sport Exerc. 2 (2010) 250-264                                                                      255 
© 2010 University of Alicante. Faculty of Education.                ISSN 1988-5202 
 
From Month 1 to Month 5 subjects significantly improved in handgrip right test, standing broad 
jump, shuttle run 20m test and maximum oxygen intake (Table 2 and Table 3). No significant 
differences were obtained in sit and reach_left, sit and reach_right, handgrip non-dominant and 
agility tests. From Month5 to Month10 no significant differences were obtained in any fitness 
test (Table 2 and Table 3).  
 
 
 
 
Table 2. Fitness results of the tennis players. 
 
 
 
 
 Month1 Month5 Month10 
 n=7 n=7 n=7 
 Mean SD Mean SD Mean SD 
sit&reach_left (cm) 21.71 2.69 21.86 4.26 19.71 1.7 
sit&reach_right (cm) 22.29 1.5 23.29 3.25 20.86 1.21 
handgrip_non-dominant (kg) 17.99 2.91 17.51 2.6 19.7 4.69 
handgrip_dominant (kg) 20.21 2.77 21.96 1.9 22.47 3.35 
agility test (sec) 11.42 0.66 11.37 0.7 11.05 0.59 
standing broad jump (cm) 163.43 20.25 167.57 21.34 173.71 17.47 
shuttle run 20 m (steps) 7.79 1.5 8.93 1.74 8.5 2.29 
VO2max (ml/kg/min) 54.17 3.35 56.53 3.99 54.92 5.3 
sit and reach on the left leg (sit&reach_left, cm) 
sit and reach on the right leg (sit&reach_right, cm) 
handgrip using the dominant hand (handgrip_dominant, kg) 
handgrip using the dominant hand (handgrip_non-dominant, kg) 
4 x 10 m (agility test, sec) 
jump from a static position (standing broad jump, cm) 
cardiorespiratory fitness test (20 mt shuttle run, steps) 
maximum oxygen intake (VO2max, ml/kg/min) 
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Table 3. Fitness changes of the tennis players 
 
 
Dif Month5– 
Month1 
 
Dif Month10– 
Month5 
Dif Month10– 
Month1 
n=7 n=7 n=7 
 dif  p dif  p dif  p 
sit&reach_left (cm) 0.15 NS -2.15 NS -2 0.033 
sit&reach_right (cm) 1 NS -2.43 NS -1.43 0.094 
handgrip_left (kg) -0.48 NS 2.19 NS 1.71 NS 
handgrip_right (kg) 1.75 0.015 0.51 NS 2.26 0.004 
agility test (sec) -0.05 NS -0.32 NS -0.37 0.059 
standing broad jump 4.13 0.027 6.14 NS 10.27 0.043 
shuttle run 20 m (steps) 1.14 0.005 -0.43 NS 0.71 NS 
VO2max (ml/kg/min) 2.36 0.011 -1.61 NS 0.75 NS 
Difference (dif), Significant differences (p<0.05) 
sit and reach on the left leg (sit&reach_left) 
sit and reach on the right leg (sit&reach_right) 
handgrip on the left hand (handgrip_left) 
handgrip on the right leg (handgrip_right) 
4 x 10 mt (agility test, sec) 
jump from a static position (standing broad jump, cm) 
cardiorespiratory fitness test (20 mt shuttle run, steps) 
maximum oxygen intake (VO2max)
 
 
 
During the whole season subjects significantly improved in standing broad jump and handgrip 
dominant test (Figure 2). A trend approaching decrease significance was observed in agility test 
(p=.056). There was a significant decrease in sit and reach_left (Figure 3). No significant 
differences were obtained in shuttle run 20m test, maximum oxygen intake and handgrip non-
dominant test. 
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Figure 2. Handgrip changes during a whole-season (# = Significant changes between month 1 
and month 10). 
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Figure 3. Flexibility changes during a whole-season (# = Significant changes between month 1 
and month 10). 
 
 
 
DISCUSSION AND CONCLUSION 
 
As far as we know, this is the first study using DXA in order to assess whole body composition 
changes in elite children tennis players. The main findings of this study were: 1) Waist 
circumference and waist to height ratio were not useful to assess body composition changes 
(according to DXA results) in elite children tennis players. 2) The increase in maximal handgrip 
strength was obtained only in the dominant hand.  
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#
Berdejo et al.  / J. Hum. Sport Exerc. 2 (2010) 250-264                                                                      259 
© 2010 University of Alicante. Faculty of Education.                ISSN 1988-5202 
 
Body composition 
Comparing our sample with eleven years-old Australian tennis players who regularly attained a 
semi-final position in the Western Australian Lawn Tennis Association tournaments, our boys 
sample had the same height, but were 5.6 kg heavier. In girls, our sample was 6.8 cm taller and 
4.9 kg heavier (Ackland & Blanksby, 2001). From Month1 to Month10, there were significant 
increases in percentage of bone mass 5.71 % (0.2 units) and lean body mass 3.32 % (2.41 units). 
Total body fat mass percentage and abdominal fat percentage significantly decreased 10.89 % 
(2.6 units) and 18.45 % (3.3 units), respectively. These decrements in fat mass were not reflected 
by anthropometric values (waist circumference and waist to height ratio). Because our children 
were growing we corrected the natural trend to increase waist using the index waist to height 
ratio. However, this index neither changed significantly. This suggests that changes in waist 
circumference or waist to height ratio could not be appropriate indicators for fat distribution in 
this specific population. 
 
There are not reference values for body composition in children tennis players by DXA. 
If we compare the girls tennis players with another group of Caucasian girls with similar 
chronological age (eleven years-old) and maturation status (88% had Tanner I-II) (Baker, Birch, 
Trost, & Davison, 2007), the percentage of body fat was lower (23.65% ± 3.7 versus 27.47% ± 
6.89 in the tennis and normal girls, respectively). An unexpected result was that boys tennis 
players were slightly fatter than the girls tennis players (24.17 ± 4.86 versus 23.65% ± 3.7). This 
was due to one boy was overweight. When this boy was excluded of the boys sample, the 
percentage of fat values were lower than girls (20.7 ± 5.9). Therefore, in this age-group of boys 
tennis players, a low body fat content is not a requisite to achieve high performances. 
  
Fitness level 
Although we are aware of these tests are not the most specific as would be necessary based on 
the nature of tennis game, our tests were selected in order to describe the health-related fitness of 
this specific sport children. The non inclusion of a control group, do not afford us to measure the 
effect of tennis practice on different fitness tests. However, this study affords to quantify 
longitudinal changes and compare with children with similar chronological age or maturational 
status. 
 
During the whole season the tennis players significantly decreased in sit and reach_left test and 
improved in standing broad jump and dominant handgrip test (Table 2). The mean strength 
values obtained in the dominant hand (20.21 ± 2.77 in month1 and 22.47 ± 3.35 in month10) 
were slightly better compared with a reference Spanish children sample (20.3 ± 4.2 in boys 19.1 
± 4.4 in girls). In contrast in the non dominant hand, the results were similar (Table 2). It is 
important to highlight that the researches in both studies used the same dynamometer and 
protocol. These changes could be related with either the technical training process and the arm 
used during the competitions. Likely, tennis game develops more specifically the strength values 
of the dominant arm, during the training and match-time. In racquet sports, there is evidence of 
structural changes (Bass, Saxon, Daly, Turner, Robling, Seeman, et al., 2002) (greater humeral 
cortical area of the loaded versus the non loaded arm) and composition modifications (20% 
greater arm tissue mass, BMC + fat + lean mass) (Calbet, Moysi, Dorado, & Rodriguez, 1998) in 
the dominant compared with the contra lateral arm.  
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The increase in standing broad jump in the tennis players reflects the influence of the growth, but 
we believe that the typical fitness training in tennis (plyometric, speed) can have produced 
additional gains. When the performance is compared respect to a representative sample of school 
children (11-12 years old) of the region of Aragon (Spain) (Casajus, Leiva, Villarroya, Legaz, & 
Moreno, 2007), the tennis players had an exceptional fitness level. The reference mean values of 
standing broad jump were 152.3 ± 19.8 in boys, and 140.5 ± 21.9 in girls. The tennis players had 
a superior performance: mean values were 163.43 ± 20.25 (Month1) and 173.71 ± 17.47 
(Month10). The explosive movements involve in tennis can develop the ability to jump above 
the average values. But we can not rule out that the superior performance was due to genetic 
bias. 
 
Although sit and reach (both legs are flexed at the same time) is often used to evaluate flexibility 
in schools (Fogelholm, Stigman, Huisman, & Metsamuuronen, 2007; Volbekiene & Griciute, 
2007) and competitive sports clubs (Kovacs, Pritchett, Wickwire, Green, & Bishop, 2007), we 
decided to measure each leg separately. The tennis children decreased flexibility values during 
the season, with a 9.21% significant decline in the left leg (-2 cm). This involution in flexibility 
ability during the life span is ample known. According to Kovacs (2006), tennis players show a 
reduced flexibility in both hamstrings compared with other athletes. This poor hamstring 
flexibility may be explained by the need to be in a “low ready position” (hamstrings shortened) 
for long periods. The reference children in our region reached 15.8 ± 5.3 in boys, and 19.3 ± 5.2 
in girls (Casajus et al., 2007). Our boys reached 21.67 ± 1.53 cm in the left leg and 23 ± 1 in the 
right leg. Similarly, girls obtained 21.75 ± 3.59 cm in the left leg and 21.75 ± 1.71 in the right 
leg. Hence, our children were above from the mean reference values. It is necessary to 
investigate the causes of the asymmetric performance between hamstrings at the final season. 
 
Tennis has been classified as a anaerobic predominant activity requiring high levels of aerobic 
conditioning to avoid fatigue and aid in recovery between points (Kovacs, 2006). No significant 
differences were obtained in 20m shuttle run test and maximum oxygen intake. The later could 
be due to the type of training undertaken or maybe the training status of our sample. The seven 
children had a predominant anaerobic training during the season. They trained two specific 
aerobic sessions per week during month 1 until month 3. Later, since month 4 they reduced to 
one session/week. Therefore, a more frequent intensive aerobic training could have enhanced the 
maximum oxygen intake significantly. The training status is another possibility that can explain 
the lack of improvement.  (Gonzalez Jurado, Beaus, Guisado, Naranjo, Molina, & De Teresa, 
2005) studied the effect of two modes of training in children tennis players. Although the 
endurance group (n=15, age=11.67± 1.5) improved more the VO2max than the resistance group 
(n=16, age=12 ± 1.46), the changes did not reach significance. Then, the sample studied by us, 
could have achieved their genetic limits of adaptation. The VO2max data are in total concordance 
with the values reported by González Jurado et al. (2005). They included the shuttle run 20m test 
and found 54.88 ml/kg/min and 51.91 ml/kg/min, in the resistance and endurance group 
respectively. The reference step mean values in normal-weight children in our region are below 
(6.2 ± 1.7 in boys and 4.9 ± 1.5 in girls) (Casajus et al., 2007), compared with our results (8 ± 
1.73 in boys and 7.62 ± 1.55 in girls). Besides genetic influences, the huge volume of training 
(12 hours per week) can be leading to this exceptional cardiorespiratory fitness. 
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It is recommended that tennis players strive for VO2max values greater than 50 ml/kg/min 
(Kovacs, 2006). Thus, this threshold is ample reached during the whole season. 
 
In conclusion, we have presented body composition and fitness changes in elite children tennis 
players followed during a whole season. We provide, for the first time, changes in whole body 
composition by DXA in Spanish children tennis players.  
 
PRACTICAL APLICATIONS 
 
The present results show the waist circumference and waist to height ratio were not useful to 
assess body composition changes in highly trained children tennis players. During a season, there 
was a significant decrease in sit and reach test, but only in the left leg. The only improvements 
were standing broad jump and handgrip strength in the dominant hand. However, the 
cardiorespiratory fitness test values were not significantly different during the whole season. 
This could reflect the specific adaptation to the training stimuli induced by tennis game. These 
results must be used to improve the process of training in tennis children. 
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